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FIDUCIAL MARKER 

Background Of the invention 

Recent years have seen the development of diagnostic 
. 5 techniques that allow the practicing clinician to obtain 
high . fidelity views of the anatomical structure of the 
human body. Imaging systems such as computed tomographic 
(CT) x-^ray .imagers,, positron emission . tomographic (PET) 
scanners, single photon emission computed tomography 
10 (SPECT). scanners and nuclear magnetic resonemce imaging 
(MRI). machines ; hav^ provided clinicians with the ability 
to improve visualization of the anatomical structure of 
the human body without surgery or other invasive 
techniques. in lieu of exploratory surgery > the patient 
,15 can be. subjected to the scanning modalities of such 
imaging systems, and the patient * s ematomical structure 
can be reproduped^^.l^ form for. evaluation by a trained 
.. -doctori. '. . ■ 

The doctor sufficiently experienced in these 
20 tecluiigues .. .can .evaluate . th^. images pf thie patient's 
anatomy^ and . determine . if there are any abnormalities 
.- present. . An abnormality in the form of .a. lesion: appears 
on the image yas a shape that has a discerna^ 
with the surrounding area. The difference in contrast is 
.25 due to., the ..lesion .having, imaging properties ; that differ 
. :from those of the surrounding body tissue. .. Moreover, the 
contrasting ..shape that represents the. lesion appears at a 
location on the image where such a shape would ^lot 
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normally appear with regard to a similar image of a 
hestlthy person. 

once a lesion has been identified, several methods of 
treatment are utilized to remove or destroy the lesion 
5 including chemotherapy, radiation therapy, and surgery' 
When Chemotherapy is chosen, drugs are introduced into the 
patient's body to destroy the lesion. During the course 
Of treatment, imagers are commonly used to follow the 
progress of treatment by subjecting the patient to 
10 periodic scans and comparing the images taXen over the 
course of the treatment to ascertain any changes in the 
lesion configurations. 

m radiation therapy, the images of the lesion 
generated by the imager are used by a radiologist to 
adjust the irradiating device and to direct radiation 
.solely at the lesion while minimizing or eliminating 
Adverse effects to surrounding healthy tissue. During the 
course 6f the radiation treatment, the imaging system is 
20 '° follow the progress of the pati«,t in the 

20 same manner described above with respect to chemotherapy. 

When surgery is used to remove a lesion or other 
abnormality, the images of the lesion in the patient can 
guide the surgeon during the operation. By reviewing the 
^ images prior to surgery, the surgeon can decide the best . 
strategy for reaching and biopsying, excising, or 
otherwise manipulating the abnormality or lesion, whether 
It as a brain tumor, arteri6venous malformation, infection 

fL^ ^^—-9ery has: be^ performed, 

^ further scanning is utilized to evaluate the success of 
0 the surgery and the subsequent progress of the patient 

T^'r associated with the scanning techniques 
mentaoned above concerns the accurate selection «,d 
comparison of views of identical areas in images that have 
3 ^J^".^^^-^^*^ imagers at different times or by images 
5 Obtained essentially at the same time using different 
image modalities, e.g., CT, MRl, SPECT; . and PET. «,is 
problem has two aspects. First, i„ order to relate the 
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information in an image of the anatomy to the ainatomy 
itself, it is necessary to establish a one-to-one mapping 
between points in the image and points on the Euiatomy . 
. This is referred to as registering image space to physical 
. ■ 5- space. 

The second aspect concerns the registration of one 

• image space to another image space. The goal of 
registering two arbitrarily oriented three dimensional 
images is to align , the coordinate systems of the two 

10 images such that any givisn point in the scanned anatomy is 
. .assigned identical addresses in both images. The 

calculation of the rigid body transformation necessary to 
■ register the two coordinate systems requires knowledge of 

the coordinate vectors of at least three points, in the two 
15 systems. Such points kre called "fiducial points" or 

• "fiducials>" and the fiducials used are the geometric 
centers of markers/ which are called "fiducial markers". 
These fiducials are - used to correlate image space to 
physical space and to^ correlate one image .space to another 

20. image space. The: fiducial markers provide a constant 
freime of reference visible in a given imaging mode to make 
registration possible. The general technique for using . 
fiducial iaarkers to obtaih registration of image data. 
:across time is set forth in U.S. Patent .No. .4,991,579 to 
25 George S. Allen, the contents . of which ire incorporated 
herein by reference.. 

. ^ One problem extant in the field lies in the provision 
. of . fiducials cajpable' ' of use with seyerfSil imaging 
modalities. MRI and ..X-ray CT/. images are digital 

; 30 .- images, in which the images are formed point by point. 

■These points are called picture elements, or pixels, and. 
V . a^ associated with an intensity of light: emitted from a - 
\ V: = cathode ray tubes ,. or . are usc^d to form an image on film- 
r" ? : The: array of lighted pixels enables the observer to view 
..35 an image. The mannep. in .whi^^^ intensity of any given 
:r pixel is altered or modiilate^^ with the imaging : 

; ' modality employed. In X-ray CT,* such modulation is a 
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. •. can. be 
10 



function pri».arily of the number of electrons per xmit 
volxme being scanned. i„ ^ ^^^^^^^^ parameters 
prlaarlly Influencing this modulation are the proton spin 
tienslty and longitudinal and transverse relaxation times 
Tl and T2, which are also known as the spin-lattice and 
spm-spin relaxation times, respectively, m constructing 
a. fiducial marker, one must be aware that an agent .that- 
can. be imaged under one imaging modality will ' not 
■ necessarily be imageable under another modality. And yet 
the ability to image under both CT and .MRl with a givei^ 
Barker would be especially useful, in that one would then 
be able to register images derived from different imaging 
»odalities. Por example, the capability to register CT 
. «nd MR images would allow the integration of information 
15. concerning bony structure provided by a CT scan with the 
soft tissue anatomical information provided by an MRI 
• scan. There remains a need for a fiducial marker that can 
,: be used to establish a known coordinate system under 

:. several imaging modalities. 
20 . A farther probl«. in the field arises from the 

competing needs of accommodating patient comfort, which:. 
, , wquld^^ to lead clinicians toward the minimization of 

Barker size, with, the desire of clinicians to use markers 
f^lf" i'right and thus as large as possible. Such 
25 brightness is desirable because it provides a strong / 
signal that can.be distinguished from noise inherent' in ' 
. the .waging process. The use of large-sized markers is 
also desirable so that the image of the marker occupies as 
^ many pixels as possible. Increasing the number of pixels 
P. occupied by the marker increases th^ accuracy with which 
tbe^^position Of, the marker . can be determined: ^ 
Furthermore, the general techiiigue of using fiducial 
markers requires the determination of the centroid of the 
. "marker,- it, is . easier to compute the centroid for a large 
> . bright marker than for a smaller, dimmer marker: On the 
other hand, the. larger the marker is, the more difficult 
it . IS for the patient to tolerate its presence for 
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extended periods of time^ There remains a need for a 
marker which can. exploit the advantages presented by 
increased size that would -also be tolerated by the patient' 
during the. period of its use; . There is also a need for a 
- 5 smail multi-modality marker that can. be implanted into a 
patient and remain -there for more extended periods of 
time. . Such a more permanent fiducial marker would 
preferably be detectable by a non- invasive technique so 
that . its position in physical space could be determined 
; 10 and its centroid computed even as it remained hidden ; from 
visual inspection beneath tlie patient's skin. 

. Sumroarv of the Invention .. .. 

In view of the foregoing needs, the present invention 
15 provides medical workers with fiducial markers that can be 
imaged under a variety of imaging modalities, i.e., are 
multi-modal. The markers can be used to register imagis 
space onto image space across imaging modalities. The 
'fiducial marker, may also be usedi for the . registration of 
20 imaging space and physical space for the successful 
performance of image guided craniotomies, biopsies/ cyst 
aspirations, radiation- therapy, ventricular shunt 
placements, and other similar surgeries. 

A fiducial marker having : features of the present . 
25 inventioh includes a hollow container, preferably 
cylindrical or spherical, that may be made of imageable 
material and which is - filled with liquids suitable for 
various imaging modalitieis.. In one version, the marker is 
' of suitably compact size and shape to be implanted into. 
30 bone for periods of prolonged duration that may be 
• measured: in yiears; A cylindricai/ shape is preferred as 
it : minimizes / the; size of the iricisioh/ retjuire for 
> ; ^ insertion by maximizing the available volume of contrast 
agent for a given incision size. A 
35 marker allows comparison of scans over time . for follow-up 
therapy, (for example,;. tb niake lesion volume comparisons in 
" prd^r to' monitor growth) ; ...It :alsb alloys fractionated 
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radiotherapy, in which small doses of radiation are 
administered frequently over the course of treatment. 

One known measure for defining known set of points 
about the. human skull for this purpose involves the use of 
5 a stereotactic frame {see U.S. Patent No. 4,608,977 for a 
general description of such a device). At present, a 
stereotactic, frame cannot be used for this therapy because 
the frame poses a significant risk of infection, is too 
painful, or is too bulky and restrictive to be left on for 
10 an extended time and cannot be re-attached in the same 
location, to tolerance of submillimetric accuracy. This 
problem is resolved by the use of an implantable marker 
that can be veil tolerated by the patient for extended 
periods Of time, such an implantable fiducial marker can 
15 also be localized in the radiatioh therapy suite and 
thereby enable the patient's image space, intracranial 
physical space, and- radiation therapy device to be 
registered with, each other. 

; In another embodiment, the fiducial marker takes the 
form Of a relatively larger temporary marker that is 
removably attached - to a ba«e that is rigidly affixed to 
bone. m this embodiment,., the . base portion: is left in 
place for a period of days or weeks and is provided with 
aeans for detachably receiving an imaging marker. By 
permitting .the , removal of the imaging marker after 
: scannxng, the over-all height prof lie of the subcutaneous 
marker base is reduced, adding to its overall, stability 
during .implantation. in this way, the imaging marker, 
,., which need only be kept in place attached to its base for 
30, the few.hours required for the. medical procedure, can be 
M ^-ad^Viarger than ccmld, otherwise ^^^^ 
. , Of markers left in place, for days on end- The larger 
. , imaging marker produces a brighter image and is easier to 
- localize in ;image space than would be; the case for a 
35 ....smaller'.marker. 

The interchangeable nature of this marker alsb makes 
It suitable for use with PJBT and/or SPECT scans. ^ In both 



20 



25 
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• of these modalities, an image marker must be radioactive.. 
Furthermore, in both of these modalities, it is necessary 
to obtain with each imaging scan a so-called "transmission 
scan," in Which no radioactive, substance is present. The 
5 transmission scan must be obtained with the patient in the 
same position as the- imaging scan, and it is therefore not 
. feasible for the marker bases to be implanted between 
scans.; Instead, it is necessary to. attach a 
nonradioactive marker for the tremsmission scan and then 
10 to replace the nonradioactive marker with a radioactive 
one for the imaging scan. The visibility of the markers 
in CT, MRI, PET, and SPECT images allows one to register 
images obtained with any of these modalities • 

In both the temporary and the . more . permanent versions 
]. 15 of the invention, the container is charged with aqueous 
imaging agents to provide imaging capability in MRI. CT 
imaging capability may be provided in either of two ways: 
by doping the plastic housing with agents that will render 
the marker, housing imageable under CT, in which case the 
20 shape of . the housing so doped is such that its volume 
centrbid is coincident with the ^center of the volume 
occupied by the MRI imaging ageiit, or by mixing the 
aqueous MRI • imaging agents . with other aqueous agents 
: imageable under CT. Additionaliy, both ways may be 
25. employed in. the same marker. The imaging agents are 
selected so as to provide suitable imaging in both 
modalities and, where an aqueous CT imaging agent is 
employed, must be miscible. The use of a miscible liquid 
combination : results in the same volume being visible in 
30 different imaging modalities with coincident centers for 
the purpose of locating the center of the marker. In the 
embodiment, for PET. and/or SPECT, and ejcternal marker, is 
filled with the appropriate* radioisotope and used in place 
- of the MRI/CT markers described in the previous paragraph, 
' 35. In an alternative embodiment employing the temporary 
fiducial marker, a kit of markers can be provided in which 
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each Barker is optimized for 

PET, or SPECTK ""''"^^^^ 

For a more complete understandino of *h,- • 
reference should now .e .ade ' " 

illustrated i„ greater detail in Z e»bodi»e„ts 
and described .elow. .„ the ^avt^:"""' ^^^^"'^ 

- te»po:;:, ^^-cLi^izri ^^^^ - ^ 

present invention,, in J^ch '^^'""^ °^ ^« 

. separated fro» the base vit^ 
releasably he attached" "^^^^ which it can 

. FIG. IB shovB the marXer Of FIG la 
^5 FIG. 2A is an elevation.-. assenbled; 

the base; '"^'^"^ "^^^^^ -^^°wn attached to • 

^ :the'inve;t!:n:r'"""^^^'^"^^-^--'*-r^-^^^ 

is a cross sectional . view ^ 
along , line c-c showino tho /^iew of the base taken 
25 iinaging>a:ker; , 9«'«ves that receive the 

FIG. 4A is an elevational view of *L 
.the imaging marker; ; ''^^ Portion of * 

FIG . 4B is a top plan view of ' 

G, 4A; _ °* «P, portion shown 



in FIG 

30 



detail ..^ "Trmrrfnu 

'-^^ «... 



in 
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FIGS. 1 - 4i These figures illustrate a fiducial marker 
assembly .comprising an imaging marker 10 and a base 30. 

The. base 30 has a threaded portion 32 at a first end. 
The . threads enable a surgeon to securely attach the base 
5 iiito the skull or other desired portion of bone tissue. 
Other connecting structure is provided to securely and 
releasably link the imaging marker with the base. For 
example, in the illustrated . embodiment, the end of the 
base opposite the threaded . portion terminates in a socket 
10 head .3B which contains a socket-like recess 36. (It is 
anticipated that the base, will be implanted into bone with 
. the aid of an insertion tool that twists the base into the 
bone or into a hole provided in the bone. The recess is 
nonr circular so as to better transmit the torque provided 
. 15 .by such an insertion tool.) Just beneath the socket head 
3 8 are a plurality (as seen in FIG. 3C/ three) of grooves 
. 34. As shall be further explained below,, the socket 38 
and the grooves .3 4. provide for the secure and relea sable 
a'ttachment of the imaging marker portion with base 
, 20 portion. . ^ . . . 

The imaging marker portion of the temporary fiducial 
marker assembly may consist; of two principal portions, a 
cylinder 12 emd a. cap 16 (see FIGS. . 4A - 4C) . The 
. .. cylindier 12 contains a cavity 14 for receiving a mixture 
25 . of .imaging agents whose composition is. determined by the 
imaging modalities to be employed. While in this version, 
the vessel containing the imaging agents is preferably 
. cylindrical, so as to. simplify the prpceiss by. which the 
centroid of .the . corresponding, volume of ; imaging agent is 
30 determined, other shapes (such as a. box or sphere) could 
. be employed as well. The cylinder 12 is closed at one end 
and open, at the other to allow for the introduction of the 
imaging, agents i . In one version of the device; a cap 16 is 
used to seal off the open end of thfS cylinder once the 
35 imaging agents have been added to the cylinder; In this 
version, the . cap may be cemjented.^ or welded into place. 
The . cap may - be provided- with a plug portion 24 that 



wo W/I773J 



PCTAJS94/02083 



- 10 - 



protrudes into .na thereby helps seal otf the cavity X. of 
the cylinder 12 against leakage ot the imaging f'ts 

S -^-t sealing, .ay Z 

Where a cap is employed, it i»ay be provided wi*>, 
. protruding boss 2. and a plurality (Lre ZT, r ' 

cooperate with +-k« ^ ^""^ 

P race with the grooves 34 of the base 3n 

2b. While this example shows the use of snao a«„« 
other fastener structure may be provided for att ^ 
marker to the base r. Provided for attaching the 

MB pase (e.g., screw threads eia=«^ k , 
etc.). • '^^='3, Clasps, hooks, 

..ssJZ .""^ '^^'^^'^ "^"^^'^ 

art . ^« somewhat dependent on the state of the 

s^nnt: ziz i:: -^^^^^^ - - 

material neLr.; trprt:ra:\"^™^ °^ — - 
25 . turn »ak^s it possible to reduce ^'^ ^r. 

the marker that m«s* V corresponding size of 

ajTJter cnat must be employed to conta-in t-K • 
material >m,.. . r- j « to contain the imaging 

material. The Applicants have found that a b.^^ Z- 

30 . the base into the' JT t Placement of 

into . the bone beneath the sIttt, 

Clinician prepares the patient / . "'^^ 

portion is e:^osed and an i^^^I^g ma^ker^T "^^^ 
in length is attached to the lase^^T "^""""^'^^^ 
protrude from the scaloanrK "^^"'"J^er itself may 

is performed ^^l^^ L::nt^^ . "e T ^ 
narker housing are constructed Of a Hi ^'"'^^"^ 
: polymer, such as ^polyeth^ ile . ^"--"^^^^^--^anic 
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FIG. 5 illustrates a second embodiment of the 
fiducial marker, which may be left implanted entirely 
beneath the skin for extended periods of time. The marker 
comprises a cylinder 42 defining a space into which is 
5 placed one or more . desired imaging agents. As noted in 
the Summary, a cylindrical shape is preferred, because 
this shape minimizes the size of the incision that must be 
made for the markeif s insertion. It is also the shape 
that best corresponds to the hole that one drills in the 
10 bone to accommodate the marker. The body of the cylinder 
is sealed of f with a cap 46 or is. otherwise sealed. The 
body is preferably constructed of an organic polymer known 
to be well tolerated by the body for extended periods of 
time, such as polymethyl methacrylate, high density 
15 polyethylene, or ceramics such as zirconium oxide and 
aluminum oxide. The entire marker assembly is small 
enough for long-term implantation into bone witJiout 
causing distortion of the bone over time. One exemplary 
size provides for the marker to be .4 mm in length and 3 mm 
, 20 in diameter. 

. : . „ As shall be explained below, the judicious choice of 
aqueous imaging agents allows for the construction of a 
marker that is visible under both; CT and MRI imaging 
.1 modalities. Furthermore, by uising ai market that comprises 
25 a solid outer portion emd an aqueous inner portion, the 
marker can be located through the use of a non-invasive 
transcutaneous detection system, such as one employing 
• ; ultrasound to detect the presence of the solid-liquid 
interface between the aqueous core and the solid outer 
30; portion. 

Because the fiducial marker assembly is to be used : in 
• a Variety of imaging modalities, the use of solid metal is 
- . „ eschewed throughout . The presence of metal may cause 
unwanted artifacts and image distortion in the image, and 
35 .may impede efforts to localize the marker (i.e., locate 
• ^ahd idrati^^ centrdid) . The properties characteristic. 
. of solid metal, such as high electrical conductivity,. 
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unwanted iaage artlfa^^. ^^nuation of metals aay cause 

-..acts J r.re::^~trrr-^- -^^^ 

accuracy with which the location "''""^ 
10 determined. m mrt ""^^ «^af be 

local ^n^sT^^^'Zl^:^^'^ aisturhances in the 
— ct, ...eh .IJT Z^-^/--^^^^^''- 
Phyaically Shift the positlon o/the iJae " 
Phenomena are unsuitable in a fld^. t ^ ^"'^ Physical 
- Of materials selected ^^ iZZ l^TT''. ^^o. 
araven by the Physics underlain J^! ^^ ""^^ therefore 
are employed. .. ^"""^ modalities that. 

in CT studies Of ; human tissue ' 
; anatomical features l»ar.o^ . "Cissue, the brightest 
- «ys more strongrt^rote™:^ ^4^!^ attenuates 
: Characterized by . the ^^^^^ attenuation is 

, ™ient,.. whL?easSTe%'^^ attenuation 
""it Of path length ''^"^ attenuation; per 

, increases. With i^si^e^^r"" -^"^^^t- 
5 electrons per unit of voUel r ""^^^ 

i-^er to produce Pixels brl^t^r^tT^" " "^""^ • 
a material (-ch as that of a^^LS " '""^^^^ 
scamped must have an electron ae^itv 'th ^ 

that Of bone.. . Therefore ' that xs greater than : 

• absorption of x-rays is to^T" ^'^""'^'^ *° "^^^^^^ 

P^r u^lt volume. 1^"^"" ^^^^-^ ^-sity v • 

compounds having atoms of Mgrat'"""^''^''' adding . i. 
-l»aged. object, or by ^ubsta^tlalf (Z> to the . 

Of the material bl,; scWd "^^^^^ '^^'^ 
-«ices. Suit^ie mat^aI;:inT."^^ ^^^"^ 
titanium, tantalum, silve^S., '^^^ ^ " 

.steel. These -terials may rlli/d stainless 

y be solad, , or dissolved as ions 
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in biologically compatible fluids • However, as noted 
above, the use of solid metal in a fiducial marker tends 
to create artifacts that degrade the ability of the marker 
to be used. as a true fiducial*. These artifacts are higher 
5 for, markers that have higher linear attenuation 
coefficients. They are also higher for markers of larger, 
sizes. In particular, for. a given linear attenuation 
coefficient, if the shape and size of the marker is 
. altered bo . that there is a longer path length through the 

10 marker, the tendency to cause an image artifact increases. 
It is therefore necessary to provide the high Z value 
material in a diluted form. . : " 

One approach to providing an imageable marker of 
appropriate size that does not yield unwanted artifacts is 

15 to dope, the marker housing with a CT imaging agent. For 
example/ the housing for the marker, which is normally 
madei of organic polymers, can have barium added as a salt. 
Alternatively, titanium dioxide may be added to the 
polymeric housing. Salts of gold or of platinum are also 

20 effective materials for rendering the housing shell radio- 
opaque and thus imageable under: ;CT scanning. 
Concentrations : of these metal -salts of up to about 400 
mg/ml can : be used - in the markers without caus ing 
appreciable image artifacts. It must be bom in mind that 

25 it will still be necessary to locate the geometric center 
of the marker housing so doped; therefore, the geometry of 
the doped housing should preferably be configured so that 
its center ' Will be coincident with the center of the 
volume of any other imaging .agent used to accommodate 

30 other imaging modalities. 

Another approach to providing, high - Z value agents 
; without resort^^ metal is to provide 

them in the 'Vform of ;an aqueous solution . Aqueous 
solutions of bompounds haying high Z atoms, such as 

35 barium, iodine, titanium, tantalum, silver, platinum, and 
; iron can be used as imaging agents in the f iducial marker 
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suver l»v. b.„ t„ ^. 

«1 . f " "Sine, concentration « tet.„n ,l»„t 50 
to ,^o^ ^„,^^^^ ^ ^^^^^^^^ ^ JO 

I„ »other pro^errea .^odi.ent. silv.r nitrate aLo"!^ 
^v.ter at co„c»tr.tW o, .et.e.n ..o„t loo ^/.i tl 

By judicious choice of a ^ 

presents. imaging 

CV i^^T^^' y'^ '^'^ aguecu. solutions where only 
CT i,«g^„g xs contemplated is optional - other carrier 
such as oils, could be used as carri.r^ * v 
eleaeni-o ' n ' carriers for high 2-number 

eiements. However, this 1« -m^ct 
MRl Th« =. ^ is not - the case, with respect to 

. ««, »»a3"3 agents, it should be «at.r ' 

30 t*eno«„on ot che.io.1 shift is f„rth„ r .. ' 

literature and is ..u tao«n t^ ^ "■'^ 
see . = ^ practitioners in the art - 

Mfect r •«^^5es.-.:a.e.ical SUft 

" consi^d'*'^" °' '^ '^ be " 
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T2 values. The relaxation times are in the range of two 
to four seconds. . MRI images are partly based on spin 
density; as well as Tl and T2* The effect of spin density 
on image brightness is linear ; reducing the spin density 
5 by one half reduces the. brightness by one half. The 
effects of Tl and -T2 are e>cponential ; for exampl e , 
altering these by one half results in a change of 86% in 
the brightness ,in the image. These- factors may be 
summarized mathematically as follows: 
■" 10 ■ ■ ■■. ' :■■ : .-^ ■ ■ •■ " ■ .* ' \ ' ; • • 

. where. I = . signal,. intensity, N = spin density, the 
parameters. TR and T£ are: the repetitibri time and the echo 
time deteinnined by the radio frequency and gradient pulses 
15 employed, and C is a constant of proportionality that 
. depends on the scaxuier . and the pulses employed. . 

TTheise three. -parameters, Tl, T2> and spin density, 
can be altered, ^by. the addition of ichemicais selected for 
their physical properties in solution. One such property 
.20 is paramagnetism, in which 'the added material . has an 
= . unpaired - electron in its electuroh configuration. Such 
' -agents shorten the relaxation times Ti and T2 drastically . 
Another such property, is viscosity. other chemicals may 
be added to the- solution for their ability to alter the 
. 25 . viscosity 6f a solution, even to a point; of making a gel. 
' Viscosity is • an important consideration j because it is. 
.. inversely correlated ^ with T2 . The more viscous a 
v solution, the greater the number of bonds that are present 
and the^less. able the hydrogen nuclei are to. react and 
30 respond to the .magnetic, field, which results in. a dimmer 
image. : These -.viscosity enhancing agents dilute . the water 
in the solution, thiareby reducing the spin density , and 
reduce the relaxation timeis Tl and T2 . Whatever the added . 
• material, Tl .w;ili always .be equar to :6r greater, than T2. 
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Because of th*. c-^^^n 
. agents appropriate toT^ ZTr""^"'""^ 

. the efficacy of an MRi i„7 ^'"^ fi°wever, 

- presence of T ^i::^ "^^""^ 

»odulated by the cumulative eLT ^ ^"-g- is 

to an a^eous r..aj! Z^Z:l ^'' -lutes a^aea 
interactions with .the hydr.^^ 

provide the MR signal "^^^^ 

^0 typical CT i».agi„rag;nts Of '"^'^^ ^^"^ 

agent, and Of selected co^^LationTo^*!!'- '"^ '"^^^^^ 
agents are presented below ""^"^ "^^^ *W>es of .. 

- ~ a suitable ^^^^'J^^ 

concentrations up to about 600 .g/L "L^^^ provided in 

^" density , (ana hence reduces t^ 'b.ltt" ^"""'^^ 
. .i»age) by up to 50% At i>rightness of the MR 

- about 600 „g/„i, the. Observed Ttim °" °^ 

« 1 second. AS the concentltl 

-decreases, the ti and T2 "•'''"^ 
water. ^is ..bserved effec^aff T"** '^'^^^ ^^^^^ 
provide a variety of „ar"r . opportunity to • .. 

nitrate cas the 'ex ^ ::^^:t7^r ^^^^r 
levels With respect to hui,n tisT'^n. "^^^^^^ 

A solution Of iohexol Vtr . '^^ ^ 
agent, i„ concentrations 07^"" ^"""^ ^^^^^^ ' 
iodine also reduces th. 600 ag/^i ^f 

^0*. ..t a ^orj^:^::^:: ^^-^--^ -y -p 

aqueous solution, the "b! io«iine per »l of 

billiseconds, an^ the T.^"^^^ ""^'^^ is 300-400 

billiseconds. The effect 1:^' "''^"^ " ^°°-"0 /. 

vith si^iar Effects noted .r^^' ^^^^^^ is in accord: 
Of agueous solutions: over ^ "1"''"' viscosity 
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to 0.04 seconds. Thus, iohexol too, aay be used to 
provide a variety of marker . compositions to create 
different contrafst levels . with, respect to human tissue 
under HRZ. , . : 
. 5 • A solution of iothalamate meglumine (em ionic X-ray 
CT . imaging ; agent) in concentrations up to about 600 mg/ml 
of. iodine . reduces the observed spin, density by factors 
ranging up to 75% i . At a concentration of 17.5 mg of iodine 
per ml of aqueous solution, the observed Tl value, is 1200- 
10 1500 milliseconds, and the observed T2 value is 300-350 
milliseconds • . The solution . . is . not viscous at this 
concentration*. ; Over the entire range of iothalamate 
. meglimine concentrations it has been determined that one 
can alter, proton , spin by 75%> change Tl value from 4 
15 seconds to 1 second, and the T2 value from 4 seconds to 
200 milliseconds. Thus, iothalamate meglumine may be used 
to provide a variety of marXer compositions to create 
. different contrast with respect to human. t:issue. 

Within limits,, one. can. prepare solutions of reduced 
20 spin density in which Tl is equal to T2, and solutions 
. . .providing spin density in which Tl is.. greater that T2. Tl 
and .T2 values of . these . altered solutions rsmge from 1 
. . ..millisecond to 4 - seconds, while the spin, density ..ranges 
.. .from 0 molar (no water at all) to 111 molar in hydrogen 
25 (pure water) . The instant invention identifies a numbeir 
of substances suitable for use in MRI imaging in fiducial 
' markers. One preferred suitable .MRI^ imaging agiaiit is 
./ ! gadopentetate dimeglumiine. -..Another possible HRI imaging 
: agent is gadpteridpl, (Each of the aforementioned 
30 .substances has received FDA approval for use as an 
injectable MRI imaging agent. ). Other possible agents for 
•use. as MRI imaging agentS-inciude Ferric Chloride (Feci,) 
. and Copper.,, sulfate (CuSO^) in concentrations . of between 0.5 
: mM gmd. 5 mM. For a more complete listing of contrast 
35 agents and their properties,, see : chapter 14 b f . M a gn e t i c T 
Resonance Imaging , 2nd: ed. , edited by Stark ahd Bradley, i- 
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1932, the contents of „hir.K 

reference. "erein incorporated by 

. •* ^°l«tion Of gadopentetat. ^• 
-Dectahle contrast agent) 1 (an 
r about o.s BM c„aii..olar, is seen to r^'"'"^*-^ 
. the Observed .pi„ density !! ^^"^ ««-t on 

concentration Of 0.5 »M >K ^ solution. At « 

"0 »iUiseconds, and^e I ^^^^ is so to 

»^ni..cond.. over tTetlir^r " ^^^"^ « - 
10 Observes spi„ aensity of ',7 ' T ''""""^^tions one 
J-varies f..„ 30 ^iniseoondl ToT ^^^-^^^ • ^-ter^ 
47 » »lIliseconds to . second/ r"""^' ""^ -^-s . 
the reported effect of the " With 

2« considered. It has bee^obse ""'^^^^-t agents ar^ 

«^o.nds set forth . produce TsJ" ^^'^ chemical " 

-tr« Of possibilities for alte^r^^'^ 
J2 by varying the concentration z 

agents, enhances the ability tH °' ™' imaging 
--i»u» contest in '^^^^ -^^tions to Le 

. parameters. For example^ vi^^"' ^ °^ ilge - ^ 

y -^, iothaxa^ate 

creates a solution with the . , "^^^""^^-DWA at 0.5 m 
■ span density correspond!^ tl Z IT""' ^ ^-P^rties: ^ 
;. or .00-500 billiseconds; and'; °r'' -ter/. a -lue 
..: "f '^--^»«^- : A variet; Of .t^ 'V value of aso-.oo 

- ^^:an:r^'-^^ '^-^^^ 

, •'ty, Tl and T2 Values. - ^ of spin 

' . Hence; as these exa»,r,i 
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density, Tl and T2 that are smaller in magnitude, than 
those of water. The optimum values of these parameters as 
specified ' by the marker application dictate the 
composition of the solution* 
• : 5 For oniB marker to be optimized for both. MRI and CT,. 

the imaging agents .and their concentrations must be 
selected such, that the solution and/or housing may be 
differentiated in the X-ray by its. radio-opacity and . at 
the same time be differentiated in the MRI by its MRI 
. .. 10 parMeter set - spin density, Tl, and T2 . As noted above ^ 
it is knofwn that aqueous solutions of compounds based on 
high Z hujftber elements will provide the necessary degree 
of radio-opacity for CT imaging. It is also known that 
fsuch substances may reduce -the imaging efficacy of 
15 compounds selected for their use as MRI contrast agent, 
such as gadopentetate dimeglumine-DPTA . In order to^ 
combine the two. agents in. an effective; manner, they., are 
mixed together in varying concentration and tested under 
both CT Emd MRI scans until one has empirically determined 
20 a: concentration of each that provides a marker that is 
acceptably imageable under both modalities. 

; ;As a result of such ..a covurse of testing, the 
Applicants -have identified two preferred binary miattures 
/ that meet these requirements when used, in the permanent 
25 marker; these are iothalamate meglumine (175 mg of 
. . iodine/ml) with gadopentetate dimeglumine-DFTA (0.^ inM); 
V. and . silver nitrate : (350 . ing/ml) with gadopentetate 
'dimeglumine-DPTA (0*5 .mM) . In the base of the temporary 
• marker/ the concentrations of the CT imaging agents are 
30 reduced to 165 mg of iodine per ml of aqueous solution of: 
iothalaohate meglinaine and : 200 mg/ml of silver nitrate 
respectively ^ ; " 

The; preisent invention may : be embodied in other- 
specific forms without departing from its spirit or 
35 essential, characteristics. . . For example, the aqueous 
solutions, used as the carrier f or ;the Imaging agents could 
have the . chiaracteristics df a' gel. The imaging agents 
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-uia be provided. as ^.^^ ^ 

present invLion ^' T ' ^'"^^^^^^ 
specific .or.s, without la"- '""^"'^^ ^" ■ 

r -entlal characteristic. ;r ^P^'it or 

^ be e»p.oyed. Xncreasi„rtb' I ^'^^ 

traversal boosts the brilt °^ ^- 

Xt alsb allows one to taXe ^ ^-^^ i„ ex. 

'° "^-^ the i^,e ot the .ar^r d" ^"^^ 

corresponding pi,,,. .^^"^^ f ^ become lost in the 
-es, .ben there is .J^l^^l^'^ "^^"^ in trauma 

-"^^^ ^o'^ ".ore refined 

In another vari^r,*. 

technique reli*.^ waging node p^t.^ 

rexied on for loi-a4-4 ™ae and another 

-a.ln. .ode. For exaia^.^"' i„ ^ .econ" 

^ ««t modality (e.,.:'^^7\7^--- 

-pace gener^t^d by a second iTl i-^^e 
Physically locating the ^rrer r '"'^ ^> 
the second i^^i^^ machine " "'''^''^^ ^Pace of 

: - are disclosed in D s T.""^'^' ^ 

contents Of vhich are berli" V ^30 (the 

- V.S. Patent Ko. .^.ai'.^^T^^T;;^^"" ^ "ference W ■ 
"nee in the course of a sc " 1 Purpose; 
. - -ge space are .enerall^ d^flnT '.^^^^ Polnt : ' 

^»ag^g machine and hence t. "'"^ ""P^'^* 

^ ^i-losed . in the . .30 plU^.^^-^- ^-ch as that ; . 

■ '^''^ h ''^-rly defined ^ """'^ '^"''=^ 

one »^y then label the cor^eltd ''''' "° that »ac^i„e. - . • . 
-containing the locatio:^^ ^-^^ spac. . . > 

■ -^t i„X^— it is no, S . 
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What is claimed is; 

1. A fiducial marker assembly^ comprising: 
5 an imaging marker having, a housing that is 

constructed of a biocompatible material that contains a. 
cavity, said cavity being configured to contain a quantity 
of imaging material • . 

10 2i The device of claim 1, further comprising: 

a base for supporting the imaging inarker, said 
base having means for accommodating the attachment of the 
base to tissue; . 

a- connector. for detachably securing the imaging 
15 marker with the base; and 

means for sealing the cavity of the imaging 
marker against leaikage of. imaging material contained 
within the. cavity. 

. 20 3. The device of claim 2, wherein the means for 

sealing the cavity , is a cap that is securely connected to 
. the housing of the. imaging marker. . 

4. The device of claim 2, wherein the means for 
25 sealing the cavity includes a cap which includes a 

protriiding boss and the base includes a corresponding 
socket sized sd that the boss of the -cap can mate with 
the socket, and thereby form a link between the cap and toe 
base. 

.30;; '.-'j;. ' "■^-■''."■y ': ' 

5. The device of claim 2, wherein the sealing- means . 
is provided with a plurality of eDctending arms for . 

' . "detachable attachment with the base.. 

35-. *' ■■ . ' • • . ^-^ :;. 

6. The device of claim 2, wheriein the base includes 
threads for facilitating its attachment to tissue.. 
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7. The device of clai™ 
provided With grooves and J ^""^ 

cooperate with the grooves on^-K ! P^'^^ons that 
5 therewith. grooves, on the base for connection 

8. The device of clai™ i 
" Shaped so that i^ l^l '^^^'T'''^^ 
With the centroid of voluT^. ""'""^ coincident 

" . . ™^ °' °^^ity defined therein. 

^» Tlie device o-p r^i * 
- cylindrical i„ shape ' ^°-i»g • 

iO. The device of clai» i 
15 is forced Of a polymer ' .^^ housing 

11. The device Of clai™ i 

20 tomographic scan. . . "^^"^^^ i".: a computed > 

12. The device of cla4« ^ 
substance con^rises a ooSJI' "dio-opague 
a high, atomic number. ""tai„i„g an atom having 

13. The device of cial» 
selected from the group consLt?; the atom is - 

Silver, gold, and platinum "^"""^ »^ >>arlum, titanium. . 

* 14- The device of clai» i, ^ 

provided as a salt. ' ^« «l^ent is: 

The device. Of claim 13 vh. • 

provided in a , concentration o/up\rrrr 
25 "P. ^^° ,about 400 ng/mi. 
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16. The device of claim 1, wherein the cavity 
contains a first solution containing a compoxihd containing 
an atom having a high atomic nianber. 

5 . . 17 i The device of . claim 1, wherein the cavity 
contains a first aqueous solution of a compound containing 
an atom selected from the group of elements consisting of 
barium, iodine,, titanium, gold, tantalum,, silver, 
platinum, and iron. " 

;^ ' 

18. The device of claim 17 wherein the concentration 
of the element provided in the first aqueous solution is 
present in an amount effective to render the volume filled 
by the solution radio-opaque. 

15 

19. The device of claim 18, wherein the first 
solution contains iohexol. 

20. The device of claim 18, wherein the first 
20 solution contains silver nitrate. 

21.. The device of claim 18, wherein the first 
solution* contains iothaleuaate neglumihet. 

25 22, The device of claim 20, wherein th^ . concentration 

of silver nitrate is about 350 mg/ml. . ; \ 

23. The device of" claim 20, wherein the concentration 
. . of silver nitrate is about 200 mg/ml, and wherein the 
30 cavity contains a second aqueous solution of gadopentetate. 
dimeglumine-DPTA at a concentration of about 0.5 mM. . 

. \ 24 . The device of claim 21, wherein the concentration 
of iothalamate meglumine is about 175 mg of iodine/ml , and 
35 wherein the cavity contains a second aqueous solution of. 
gadopentetate dimeglumine-DPTA at a concentration of about 

. 0.5 mM. • '^; --:v ■• • " - • " 
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25. The device of claim 21, wherein i-k 

27. The device of clkim 26 h • 
^adopentetate-diaegluttine-DPTA.:' the compound is 

28. The device of clai™ ^-7 u . 

0.5 BM. . * ='°n=^tration of about 

■ 15 ■ 

29. The device Of Claim 1, Wherein i-h» . 
»-rXer is provided with first and^!^ "''''^''^ 
that are miscible to foJL ^ ^«co„d agueous solutions 
-•^xe xo form a mixture within 4->.^ " 

. . ™^^l«ar magnetic resonance. "^^^^^ under 

. 30. The device^ of claim 50 ^ 
solution is silver nitr.h ' "^"^^ 

25 ^adopentetate dimeglumineiwr "-"^ soluticm is 

: concentration Of the LI f "'^^ the 
t> about 0.5 i»M. , ^^"''''^«'^«^-t-;^Wt»ine 

32. The device of claiyn J 

solution is iothalamatemegl^ne id 
: IS. gadopentetate dimeglumine-p^I^ 

. . 33. The device of claim 32 > 'wherein 



wo Wl 7733 



PCTAJS94/02CI83 



• 25 - . 

and the concentration of the gadopentetate dineglimine* 
DPTA is about 0.5 mM. 

34. The device of claim 1, wherein the fiducial 
5 marker assembly, is sized so as to permit the. long-term 
implantation of the' assembly into a patient without 
causing the distortion of the tissue during the period 
during. which the device is implanted. 

10 ' • 35.. The device of .claim 1/ wherein the imaging marker 
contains a radioactive isotope. 

■: .'. 36. A method for providing a fiducial marker that is 
...imageable under several imaging modalities, including 
15" computerized X-ray tomography, . and nuclear magnetic 
resonance imaging, comprising the steps of: 

. providing the marker with a first imaging agent 
..that idl imageable under computerized X-ray tomography; and 

20 ■ providing the marker with a second aqueous 

imaging agent that is imageable under nuclear magnetic 
^.>- resonance imaging,.- \ 
'■'^ r-:/^- -^--:-^ wherein .the cehters*: of "the regions of. th& 
. : fiducial marker that are, defined by each imaging agent, are 
25 vcoincident, thereby permitting, the proper registration of 
: images obtained by each imaging modality. 

- V^. 3 marker, "comprising 

."o::.;. the' -steps of :"■ '-• ' 
30. ' : . a base portion to tissue; 

providing at least one imaging marker that can be - 
. detadhably secured to the base. ' . ' .-^ 

. - . ; V. j:. 3^^^ of claiitt 37.> wherein the imaging - 

3 5 V marker is provided with agents ; that render the marker: 
: ..iinageabie under more. than one imaging modality. 
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narJ °' "^^^^^ Plurality of 

markers provided, each of which has been opti»i^ed for 
imaging under at least one imaging Modality. 

5 40. A fiducial aarXer assembly, comprising: 

an imaging marker having a housing, that is 
construct a Of a biocompatible material and whiJh includes 
a first quantity of material that is Imageable under a 
first imaging modality; and 

" under\ """"f . "^^^^^^ of . material that is imageable 
under a second imaging modality. " , . 

ima^^^Ki providing a fiducial marker that is 

^ imageable under several imaging modalities, including 

- c^puterized x-ray tomography and ^aclea. ma^etic 
resonance imaging, comprising the steps of . " 

. ■ providing the marker with a first imaging agent 

ttat as omageable under one imaging modality; and 

^0 in the . - that it can be Ipcated 

iO in the image space generated ih a second imaging modality. : 

. A2, A method for locating, a fiducial marker ih the 
^ :^l^l^^r. than imaging modality, co^rising 

«*/j.c.unaer a first xmagxng modality;- 
_ _ scanning a portion of anatomy that contains the 
. ^agang marker containing the first imaging agent 
imageable under the first imaging modality, Jo Lt'S . 
> can be located in the image space generated by the : : 

first imaging modality; and- ^ . . 

im.„, 'T""^"^ ^""^ ^ P''^^^^^ «P«" Of a 

- relating the location of the marker in that physical space • 

by L'tT'^"^'"' location in the imag,; space generated: . 
,oy that oiaagmg machine. 
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5Z30338 


27-07-93 


EP-A-0146699 


03-07-85 


CH-A- 


661199 


15-07-87 


EP-A-0427358 


15-05-91 


AU-A- 


2745192 


17-12-92 






AU-B- 


632633 


07-01-93 






AU-A- 


6590790 


16-05-91 






CA-A- 


2029401 


09-05-91 






JP-A- 


3168139 


19-07-91 






US-A- 


5142930 


01-09-92 






US-A- 


5230338 


27-07-93 


EP-A-0591712 


13-04-94 


DE-C- 


4233978 


21-04-94 



US-A-4618978 21-10-86 NONE 



